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APPARATUS, SYSTEM, AND METHOD FOR ARRAYING 
ELECTRICAL DEVICES IN A CABINET 



BACKGROUND OF THE INVENTION 

1. The Field of the Invention 

The invention relates to accessing electrical devices in a computer equipment cabinet. 
Specifically, the present invention relates to devices, methods, and systems for installing and 
hot swapping an electrical device in a dense array of electrical devices located in a computer 
equipment cabinet, 

2. The Relevant Art 

Operational computer and communications equipment is frequently mounted in 
computer equipment cabinets. The computer equipment cabinets typically conform to 
industry standards such as those described in the Electronic Industries Association standard 
EIA-310. Industry standards specify standard cabinet widths and mounting structures for 
supporting equipment. Industry standards such as EIA-310 also specify several standard 
heights for cabinet-mounted equipment drawers. 

Computer and communications equipment is typically mounted as densely as 
possible in computer equipment cabinets. Users prefer high equipment density as it increases 
the efficiency of cable and power interconnections and reduces space requirements. As a 
result, manufacturers attempt to package their computer and communications equipment in 
equipment drawers with the minimum possible standard height. For example, equipment 
conforming to the EIA-310 standard "lU" height is preferred by equipment manufacturers 
and users because it supports the greatest density in a computer equipment cabinet. 

Many electrical devices housed in computer equipment cabinets are designed to 
be electrically connected to a host system or electrically detached and physically removed 
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from a host system while other electrical devices and the host system are operational. 
Connecting or removing an electrical device such as a disk drive while other devices are 
operational is referred to as hot swapping. Hot swapping allows computer and 
communications equipment users to add, replace, and upgrade components and devices 
while other devices and the host system are operational. Hot swapping increases the time 
a host system and associated peripherals are operational, thereby reducing operational 
costs. 

Electrical devices are often positioned in arrays within an equipment drawer to 
increase the device density. An array may consist of multiple electrical devices in a row 
or multiple rows of electrical devices. In arrays of electrical devices containing multiple 
rows, sufficient manipulation space niust remain between the rows to allow the 
connection and removal of an electrical device. However, providing sufficient 
manipulation space between rows decreases the density of electrical devices in the 
equipment drawer. Equipment density could be increased if sufficient manipulation 
space could be provided for hot swapping while the manipulation space is reduced to a 
minimum after hot swapping is completed. 

What is needed is an apparatus, method, and system for mounting electrical devices 
in a dense array. What is more particularly needed is an apparatus, method, and system for 
accessing an electrical device in a dense array by providing a manipulation space greater than 
the space between electrical devices in the array. It would be particularly advantageous if the 
electrical devices in such an arrangement could be hot swappable. 
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SUMMARY OF THE INVENTION 

The various elements of the present invention have been developed in response to the 
present state of the art, and in particular, in response to the problems and needs in the art that 
have not yet been fully solved by currently available computer equipment cabinets. 
Accordingly, the present invention provides an improved apparatus, method, and system for 
housing and accessing an electrical device within a computer equipment cabinet. 

In one aspect of the present invention, an apparatus for housing and accessing an 
electrical device mounted in a computer equipment cabinet includes a mounting frame 
capable of moving to a loading position to provide access to the electrical device. In one 
embodiment, the mounting frame swivels away from the equipment drawer, exposing a 
connector for receiving an electrical device. When the mounting frame is moved to the 
loading position, an electrical device may be easily inserted in or removed from the mounting 
frame for example when hot swapping a disk drive within an equipment drawer. 

The mounting frame also retracts to an operational position within the equipment 
drawer. The retracted mounting frame supports a dense array of electrical devices with 
minimal space between rows of the electrical devices. A retracted mounting frame also 
allows an equipment drawer to satisfy minimum equipment drawer height standards for 
computer equipment cabinets. 

In another aspect of the present invention, a method for housing and accessing an 
electrical device in a computer equipment cabinet includes moving a mounting frame 
originally positioned within an equipment drawer to a loading position to receive an 
electrical device. The electrical device may be removed from or connected to the mounting 
frame, supporting hot swapping operations. Subsequently, the mounting frame is retracted 
within the equipment drawer to an operational position. 

Various elements of the present invention are combined into a system for housing and 
accessing a hot swappable electrical device. One or more mounting frames are positioned 
within an equipment drawer of a computer equipment cabinet. The mounting frame contains 
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a connector that provides electrical connectivity to other devices such as a peripheral or a 
host. In one embodiment, the mounting frame swivels away from the equipment drawer to a 
loading position in order to receive an electrical device. By moving the mounting frame to a 
loading position adequate manipulation space is provided for connecting or removing the 
electrical device. 

The present invention supports a high density of accessible electrical devices within a 
computer equipment cabinet. A retracted mounting fame positions electrical devices in a 
dense array with minimal space between devices. Retracted mounting frames also conform 
to minimum height requirements for standard computer equipment cabinets. Electrical 
devices on a mounting frame that is moved to a loading position are easily accessible for 
insertion and removal. The invention allows for hot swamping of devices located in dense 
arrays. These and other features and advantages of the present invention will become more 
fully apparent from the following description and appended claims, or may be learned by the 
practice of the invention as set forth hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the manner in which the advantages and objects of the invention are 
obtained will be readily understood, a more particular description of the invention briefly 
described above will be rendered by reference to specific embodiments thereof, which are 
illustrated in the appended drawings. Understanding that these drawings depict only typical 
embodiments of the invention and are not therefore to be considered to be limiting of its 
scope, the invention will be described and explained with additional specificity and detail 
through the use of the accompanying drawings in which: 

Figure 1 is a perspective view of a prior art computer equipment cabinet; 

Figure 2 is a perspective view of a prior art electrical device; 

Figure 3 is an illustration depicting a prior art equipment drawer; 

Figure 4 is a perspective view of one embodiment of a receiving apparatus of the 
present invention; 

Figure 5 is a perspective view of one embodiment of a receiving apparatus of the 
present invention; 

Figure 6 is a second perspective view the mounting frame of Figure 5; 

Figure 7 is a perspective view of one embodiment of an electrical device of the 
present invention; 

Figure 8 is a perspective view of one embodiment of a receiving apparatus receiving 
an electrical device in accordance with the present invention; 

Figure 9 is a perspective view of an alternate embodiment of a receiving 
apparatus/electrical device of the present invention; and 

Figure 10 is a flow chart diagram illustrating one embodiment of a hot swapping 
method of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



The present invention has been developed in response to the present state of the art, 
and in particular, in response to the problems and needs in the art that have not yet been fully 
solved by current means and methods of organizing electrical devices. Accordingly, it is an 
overall object of the present invention to provide an apparatus, system and method for 
housing and accessing an electrical device in a dense array of electrical devices in an 
equipment drawer that overcome many or all of the above-discussed shortcomings in the art. 

Figure 1 is a perspective view of a prior art computer equipment cabinet 100. The 
cabinet 100 mounts computer and communications equipment. The cabinet 100 includes a 
cabinet shell 1 10, an equipment drawer 120, a sliding support bracket 130, a front panel 140, 
a top panel 150, one or more mounting brackets 160, one or more cabinet walls 170, a 
cabinet base 180, and a cabinet top 190. 

The cabinet walls 170 are connected to the cabinet base 1 80. The front of the cabinet 
shell 1 1 0 is open to receive computer and communications equipment. As depicted, the rear 
of the cabinet shell 1 10 is also open. In an alternate embodiment, a door is disposed on the 
rear of the cabinet shell 110. The cabinet top 190 is disposed upon the cabinet walls 170. 
The mounting bracket 160 is attached to the cabinet wall 170. In one embodiment, the 
dimensions and specifications of the computer equipment cabinet are specified by the 
Electronic Industries Association standard EIA-310, which is incorporated herein by 
reference. 

The computer equipment cabinet 100 mounts a plurality of electrical devices. The 
electrical devices may be any type of computer and communications equipment. Examples 
of the electrical devices that may be mounted include disk drives, processors, 
communications equipment, and solid state memory. Equipment maybe connected directly 
to the mounting bracket 1 60. In one embodiment, the sliding support bracket 130 connects to 
the mounting bracket 160. The sliding support bracket 130 mounts the equipment drawer 
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120 within the cabinet shell 110. The sliding support bracket 130 also facilitates the 
equipment drawer 120 extending from the computer equipment cabinet 110. 

In some arrangements, the electrical devices are accessed through the front panel 140 
of the equipment drawer 120. In the arrangements, the electrical devices are accessed 
through the top panel 1 50 of the equipment drawer 1 20 as the equipment drawer 1 20 extends 
from the cabinet shell 110. 

Figure 2 is a perspective view of a prior art electrical device 200. The depicted 
electrical device 200 includes a disk drive 210, a connector 220, a distal end 230, and a 
proximal end 240. The electrical device 200 may be hot swappably connected to or removed 
from the equipment drawer 120 of a cabinet shell 110. Although for clarity purposes a disk 
drive 210 is depicted as the electrical device 200, any type of electrical device maybe used, 
including those discussed above. 

The connector 220 is mounted on the distal end 230 of the disk drive 210 and 
connects the electrical device 200 to a connector within the equipment drawer 120. 
Connecting and removing the disk drive 210 requires a manipulation space adjacent to the 
device proximal end 240 of the disk drive 210. 

Figure 3 is an illustration depicting a prior art equipment drawer 300. The equipment 
drawer 300 provides electrical connectivity between an electrical device 200 and other 
electrical devices such as a peripheral device and/or a host. In addition to providing 
electrical connectivity, the equipment drawer 300 also physically mounts the electrical device 
200 via a mounting mechanism (not shown). 

The depicted equipment drawer 300 includes one or more electrical devices 200, a 
manipulation space 310, a backplane panel 320, a device controller 330, one or more 
connectors 340, and a power supply 350. The depicted equipment drawer 300 is one 
example of the equipment drawer 120 depicted in Figure 1 . In an alternate arrangement, the 
electrical device 200 is connected or removed through the top panel 150 of the equipment 
drawer 120 (see Figure 1). 
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The equipment drawer 300 houses the electrical devices 200 within the cabinet shell 
1 10 (see Figure 1). The backplane panel 320 mounts the connector 340. The connector 340 
connects the electrical device 200 to the device controller 330. The device controller 330 
connects to a host system that may be within the cabinet shell 1 1 0. The electrical device 200 
may be connected or removed through the front panel 140 of the equipment drawer 120 (see 
Figure 1). The power supply 350 supplies power to the electrical device 200. 

Connecting and removing the electrical device 200 requires a significant amount of 
manipulation space 310 adjacent to the device proximal end 240 of the electrical device 200. 
The manipulation space 310 is adequate provided the electrical device 200 can be placed 
adjacent to the connector 340 and the electrical device 200 transitioned from the. 
manipulation space 3 10 to the connector 340. 

Figure 4 is a perspective yiew of one embodiment of a receiving apparatus 400 of the 
present invention. The apparatus 400 provides connectors (not shown) for electrically 
connecting an electrical device 200 within an equipment drawer 120. The apparatus 400 also 
includes a mounting frame 41 0 for physically mounting an electrical device 200, along with 
one or more movement mechanisms 420, a stationary frame 430, a base 440, one or more 
side panels 450, a mounting frame distal end 460, and a mounting frame proximal end 470. 

The stationary frame 430 resides within the equipment drawer 120 and may be 
fixably attached to the equipment drawer 120. The stationary frame 430 provides a frame for 
mounting the movement mechanism 420. As depicted, the movement mechanism 420 is 
configured to facilitate transitioning the mounting frame 410 between a loading position and 
an operational position. The movement mechanism 420 is configured to allow the mounting 
frame 410 to be transitioned between a plurality of functional positions, hi the depicted 
embodiment, the movement mechanism 420 is a hinge and connects to the distal end 460 of 
the mounting frame 410. 

fri Figure 4, the mounting frame 410 is shown in an operational position. The 
operation position allows the equipment drawer 120 to conform to a minimum height 
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requirement of the computer equipment cabinet 100 when the equipment drawer 120 is 
retracted within the equipment cabinet 100. The mounting frame 410 is typically in the 
operation position under normal usage conditions. The movement mechanism facilitates 420 
rotating or swiveling the mounting frame 410 from the operation position to a loading 
position. The side panel 450 protects the electrical devices 200 while transitioning between 
the operational position and the loading position. 

In another embodiment, the movement mechanism 420 is a rail that facilitates vertical 
movement of the mounting frame 410 between the operational position and the loading 
position. In the depicted embodiment, the mounting frame 410 is configured to rotate or 
swivel from the loading position back toward the base 440 into the operational position. The 
stationary frame 430 may be integral with, or fixably attached to, the base 440. In an 
alternate embodiment, the stationary frame 430 and the base 440 are components of the 
equipment drawer 120. 

Figure 5 is a perspective view of the receiving apparatus 400 of Figure 4 shown in the 
loading position. The loading position disposes the mounting frame 410 at an angle to the 
equipment drawer. The proximal end 470 of the angled mounting frame 410 is free of 
obstruction from the equipment drawer 120. The proximal end 470 of the angled mounting 
frame 410 provides adequate manipulation space to connect and remove the electrical device 
200. The side panel 450 protects the electrical device 200 while transitioning between the 
operational position and the loading position. In one alternate embodiment, the mounting 
frame 410 has no side panel 450. 

Figure 6 is a perspective view of one embodiment of a mounting frame 410 of the 
present invention. The mounting frame 410 is preferably configured to physically receive 
and electrically connect to an electrical device 200. The mounting frame 410 includes one or 
more side panels 450, a mounting frame distal end 460, a mounting frame proximal end 470, 
a backplane panel 610, one or more connectors 620, and one or more mounting rails 630. 
Although for clarity purposes, the mounting frame 410 is depicted with four conriectors and 
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eight mounting rails, any number of connectors and mounting rails may be employed, and of 
course, any other suitable mounting mechanism may be used. 

In the depicted embodiment, the mounting frame 410 is a plate. The backplane panel 
610 is attached to the distal end 460 of the mounting frame 410. The backplane panel 610 
transitions with the mounting frame 410 and is provided with a connector 620. The 
connector 620 connects to an electrical device 200. The mounting rail 630 is attached to the 
mounting frame 410. The mounting rail 630 is attached to the side of the mounting frame 
410 oriented to the equipment drawer 120. The mounting rail 630 is configured to receive 
and retain the electrical device 200. The mounting rail 630 receives the electrical device 200 
from the proximal end 470 of the mounting frame 410. The electrical device 200 transitions 
from the proximal end 470 to the connector 620 near the distal end 460. 

Figure 7 is a perspective view of one embodiment of an electrical device 700 of the 
present invention. The electrical device 700 is configured to connect to the mounting frame 
410. In the depicted embodiment, the electrical device 700 includes a disk drive 210, a 
connector 220, a device distal end 230, a device proximal end 240, and one or more rail 
guides 710. Although for clarity purposes the electrical device 700 is depicted as a disk drive 
210, other electrical devices including those discussed above may be employed. 

The disk drive 2 1 0 in the depicted embodiment is provided with a pair of rail guides 
710. The rail guides 710 are configured to engage with a mounting mechanism such as 
mounting rails 630 attached to a mounting frame 410. The rail guides 710 of the electrical 
device 700 may be inserted and removed from a mounting frame 410 with the use of the 
mounting rails 630. 

In so doing, the rail guides 710 engage the mounting rails 630. The rail guides 710 
may transition along the mounting rails 630 until the rail guides 710 and the mounting rails 
630 are fully engaged. The rail guides 710 help position the disk drive 210 with respect to 
the distal end 460 of the mounting frame 410. When fully engaged, the cormector 220 is 
connected to the connector 620 of the mounting frame 410. 
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A wide variety of mounting mechanisms may be deployed in the present invention as 
will be readily recognized by one of skill in the art. For instance, in one alternative 
embodiment (not shown) the rail guides 710 are attached to the mounting frame 410 rather 
than the electrical device 700, and the mounting rails 630 are attached to the electrical device 
700 rather than the mounting frame 410. 

Figure 8 is a perspective view of one embodiment of a receiving apparatus 400 of 
Figure 4 receiving an electrical device of the present invention. Although for clarity 
purposes one mounting frame 410 is depicted in the equipment drawer 120, multiple 
mounting frames 410 may reside in the equipment drawer 120. 

The mounting frame 410 is depicted transitioned to the loading position. The 
mounting frame 410 disposed in the loading position provides adequate manipulation space 
adjacent the proximal end 470 of the mounting frame 410. The electrical device 700 is 
connected to and removed from the proximal end 470 of the mounting frame 410. 

The electrical device 700 is depicted partially engaged with the mounting frame 41 0. 
The rail guides 710 of the electrical device 700 are partially engaged with the mounting rails 
630 of the mounting frame 410. The electrical device 700 transitions along the mounting 
rails 630 toward the distal end 460 of the mounting frame 410. The electrical device 700 
connects with the connector 620 of the mounting frame 410. 

Figure 9 is a perspective view of an alternate embodiment of a receiving apparatus 
900 receiving an electrical device 700 of the present invention. The receiving apparatus 900 
includes one or more mounting frames 910 and 920, one or more movement mechanisms 
420, one or more stationary frames 430, one or more side panels 450, one or more mounting 
frame distal ends 460, one or more mounting frame proximal ends 470, an equipment drawer 
120, an electrical device 700, and one or more rail guides 710. Although the equipment 
drawer 120 is depicted with two mounting frames 910 and 920, additional mounting frames 
410 may reside within the equipment drawer 120. 
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The mounting frame 910 is depicted transitioned to the loading position. The 
mounting frame 910 is disposed at an angle to the equipment drawer 120. The mounting 
frame 910 in the loading position provides sufficient manipulation space for the electrical 
device 700 to be connected and removed. The electrical device 700 may be hot swapped 
within the mounting frame 910. 

The mounting frame 920 is depicted retracted into the operational position. The 
retracted mounting frame 920 is configured to conform to a standard computer equipment 
cabinet height requirement such as the heights specified in the Electronic Industries 
Association standard EIA-3 1 0. The retracted mounting frame 920 facilitates a dense array of 
electrical devices within the equipment drawer 120 with a minimum of manipulation space 
between the electrical devices 700. 

Figure 1 0 is a flow chart illustrating one embodiment of a hot swapping method 1 000 
of the present invention. The method 1000 provides for a first electrical device 700 to be 
removed from a mounting frame 410. The method further provides for a second electrical 
device 700 to be connected to the mounting frame 410. The hot swapping method 1000 
includes a position equipment drawer step 1010, a move frame to load position step 1020, a 
remove first device step 1030, a connect second device step 1040, a retract mounting frame 
step 1050, a reposition equipment drawer step 1060, and an end step 1070. 

In the step 1010, the equipment drawer 120 is positioned. The equipment drawer 120 
may extend from the cabinet shell 1 10. The move frame to load position step 1020 moves a 
mounting frame 410 to a loading position. Positioning the mounting frame 410 in the 
loading position exposes an electrical device 700. In the step 1030, a first electrical device 
700 is removed from the mounting frame 410. The first electrical device 700 may be 
removed while the mounting frame 410 connector 620 is active. 

In the step 1040, a second electrical device 700 is connected to the connector 620 on 
the mounting frame 410. The second electrical device 700 may be inserted while the 
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mounting frame 410 connector 620 is active. In the step 1050, the mounting frame 410 is 
retracted to an operational position. 

In the step 1060, the equipment drawer 120 is repositioned to return the equipment 
drawer 120 to a position within the cabinet shell 110. The end step 1070 terminates the 
method 1000. 

The present invention facilitates housing and accessing an electrical device connected 
in a dense array within a computer equipment cabinet equipment drawer under the invention. 
A mounting frame may be moved to a loading position to provide manipulation space for 
accessing the electrical device. The mounting frame may also be retracted to an operational 
position to locate the electrical device in a dense array with minimal space between electrical 
devices. The invention supports a high density of electrical devices within a computer 
equipment cabinet and supports hot swapping. 

The present invention may be embodied in other specific forms without departing 
from its spirit or essential characteristics. The described embodiments are to be considered 
in all respects only as illustrative and not restrictive. The scope of the invention is, therefore, 
indicated by the appended claims rather than by the foregoing description. All changes 
which come within the meaning and range of equivalency of the claims are to be embraced 
within their scope. 

What is claimed is: 
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